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The standard electroweak interaction is here re-assessed to accommodate two different situations
in Particle Physics. The first one is a Z′-model at the TeV-scale physics. The second one tackles
the recent discussion of a possible fifth force mediated by a 17-MeV X-boson associated with an
electron-positron emission in the transition of an excited 8-Beryllium to its ground state. The
anomaly-free model that provides these two scenarios is based on an SUL(2) × UR(1)J × U(1)K -
symmetry. It yields a new massive neutral boson, an exotic massive neutral fermion, right-neutrinos
and an additional neutral Higgs particle, which stems from a supplementary Higgs field, introduced
along with the usual Higgs doublet responsible for the electroweak breaking and the masses of W±
and Z0. Yukawa interactions of the two scalars generate the masses of the Standard Model leptons,
neutrinos and a new exotic fermion of the model. The vacuum expectation values of the Higgses fix
up two independent energy scales. One of them is the well-confirmed electroweak scale, 246GeV,
whereas the other one is set up by adopting an experimental estimate for the Z′-mass.
PACS numbers: 11.15.-q, 11.10.Nx, 12.60.-i
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I. INTRODUCTION
The understanding of a new physics beyond the Stan-
dard Model (SM) has been a challenge for High Energy
Physics over the past thirty years. The results of the
ATLAS and CMS Collaborations at LHC point to the
masses peaks that could be explained by the existence of
new particles in a scenario of a possible fifth fundamen-
tal interaction. The study of pp collisions at a center-
of-mass energy
√
s = 8TeV and
√
s = 13TeV suggests
the presence of hypothetical heavyW ′- and Z ′-bosons in
the particle spectrum [1–4]. These results can signal the
emergence of a new Physics at the TeV-scale. The struc-
ture of the W ′- and Z ′-model is based on the left/right
symmetric SUL(2) × SUR(2) × U(1)B−L gauge symme-
try with an extra Higgs sector to account for the heavy
bosons at the TeV-scale [5, 6]. The pure Z ′-model is
based on the gauge SUL(2)×UY (1)×U(1)B−L, in which
the U(1)B−L-extra can connect the particles of the SM
with a content of the Dark Matter [7–9].
Recently, in a different experimental context, anoma-
lies in the nuclear decay of the excited state of 8 Be∗
to its ground state is suggesting the existence of a new
neutral X-boson in the decay process 8 Be∗ → 8Be +X
[10]. The X-boson immediately decays into an electron-
positron pair X → e+ + e−. It exhibits a vector na-
ture, like the electromagnetic (EM) photon, but its mass
must be approximatelyMX = 17MeV. Other important
property is that the X-boson mixes kinetically with the
usual photon in the gauge sector of the model. Further-
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more, the vector current for fermions of the SM interact-
ing with the X-boson has a coupling with weaker magni-
tude for protons in relation to neutrons. These are called
protophobic interactions. In principle, the X-boson has
an Abelian nature, so it can be described by an extra
gauge group U(1)X , that mixes with the EM gauge group
U(1)em. Therefore, an Extended SM with the presence
of the X-boson could be described by the unification of
the gauge group SUc(3) × SUL(2) × UR(1)Y × U(1)X .
Nowadays, there is a huge number of alternative models
that describe this unification [11–16].
The appearance of such a new boson mediating an in-
teraction with typical range of 12 fm may put into evi-
dence a fifth fundamental interaction in Nature. On the
other hand, there has been in the literature a great deal
of interest on the activity related to the phenomenol-
ogy of the so-called hidden sector para-photons and milli-
charged particles [17–19]. In this rich framework, we pur-
sue an investigation to understand whether our proposal
could fit to describe physics at the Sub-eV scale of the
para-photons.
In this contribution, we built up a gauge model with
an SUL(2) × UR(1)J × U(1)K symmetry group that is
twofold, according to the spontaneous symmetry break-
ing (SSB) pattern, as it shall become clear in their sequel.
The scalar sector consists of the usual electroweak Higgs
doublet and an extra SUL(2)-singlet Higgs : the extra
Higgs may break the symmetry U(1)K above or below the
246GeV electroweak scale. These two possibilities open
up new scenarios that may accommodate the extra Higgs
and its associated extra gauge boson in different scales
: MeV- , GeV- and TeV-scales, according to the choice
of the VEV-scales parameters. The first case, when the
SSB is above the 246 GeV-scale, setting up to accommo-
date the Z ′-heavy boson as a candidate to the particle at
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the TeV-scale. The second one, when the SSB is below
the 246 GeV, this is the scenario to accommodate the
X-boson of 17 MeV, and also the para-photon hidden
particle at the lower Sub-eV scale. The field content and
the quantum numbers attributed to the particles ensure
gauge anomaly cancellation.
II. THE TeV-PHYSICS AND THE Z′-BOSON
The fermion matter sector is described by the La-
grangian :
Lf = Ψ¯L i /DΨL + Ψ¯R i /DΨR + ν¯R i /D νR + ζ¯ i /D ζ , (1)
where we have introduced the ζ-fermion associated with
the U(1)K group. The ΨL is defined as a left-handed
doublet of fermions of the SM, neutrinos/leptons L :=
(νℓL ℓL)
t or quarks-up/down qL := (uL dL)
t , that
turn in the fundamental representation of SUL(2), ΨR =
{ ℓR , uR , dR }, νℓR and ζ are singlets of Abelian sectors.
The notation ℓ indicates the leptons of the SM, i. e.,
ℓ = ( e , µ , τ ), and neutrinos family νℓ = ( νe , νµ , ντ ).
The covariant derivatives acting on fermions are defined
as given below
DµΨL =
(
∂µ + i g A
a
µ
σa
2
+ i JL g
′Bµ + iKL g′′ Cµ
)
ΨL ,
DµΨR =
(
∂µ + i JR g
′Bµ + iKR g′′ Cµ
)
ΨR ,
DµνℓR =
(
∂µ + i JνR g
′Bµ + iKνR g
′′ Cµ
)
νℓR ,
Dµζ =
(
∂µ + i Jζ g
′Bµ + iKζ g′′ Cµ
)
ζ , (2)
in which Aµ a =
(
Aµ 1, Aµ 2, Aµ 3
)
are the gauge fields of
SUL(2), B
µ is the Abelian gauge field of UR(1)J , and C
µ
the similar one to U(1)K . Here the symbol J stands for
the generators of UR(1)J , whereas K represents the gen-
erator of U(1)K , and the Pauli matrices
σa
2 (a = 1, 2, 3).
In (2), g, g ′ and g ′′ are dimensionless coupling constants
of SUL(2), UR(1)J and U(1)K , respectively.
In the sector gauge fields, the field strength tensors are
defined by
Fµν = ∂µAν − ∂νAµ + i g [Aµ , Aν ] ,
Bµν = ∂µBν − ∂νBµ ,
Cµν = ∂µCν − ∂νCµ . (3)
The sector of gauge bosons is described by the La-
grangian
Lgauge = −1
2
tr
(
F 2µν
)− 1
4
B 2µν −
1
4
C 2µν . (4)
The Higgs sector is governed by the Lagrangian
LHiggs = (DµΞ)†DµΞ− µ 2Ξ |Ξ|2 − λΞ |Ξ|4
+(DµΦ)
†
DµΦ− µ 2Φ |Φ|2−λΦ |Φ|4−λ |Ξ|2 |Φ|2
− yℓ L¯Φ ℓR − y∗ℓ ℓ¯R Φ† L
− xνℓ L¯ Φ˜ νℓR − x∗νℓ ν¯ℓR Φ˜† L
− f (d) q¯L Φ dR − f (d)∗d¯R Φ†qL
− f (u) q¯L Φ˜uR − f (u)∗u¯R Φ˜†qL
− zνℓ L¯ Φ˜ ζR − z∗νℓ ζ¯R Φ˜† L
−w ζ¯L Ξ ζR − w∗ ζ¯R Ξ† ζL
− tνℓ ζ¯L Ξ νℓR − t∗νℓ ν¯ℓR Ξ† ζL , (5)
where µΞ, µΦ, λΞ, λΦ and λ are real parameters,
{ xνℓ , yℓ , zνℓ , w , tνℓ , f (d) , f (u) } are Yukawa complex
coupling constants that yield the masses for the fermions
of the model, and Φ˜ := i σ2Φ
∗. The gauge symmetry
allows to introduce these Yukawa interactions that mix
the Dirac neutrinos with the ζ-fermion.
The covariant derivative of (5) acts on the Ξ-Higgs as
follows :
DµΞ =
(
∂µ + i JΞ g
′Bµ + iKΞ g′′ Cµ
)
Ξ ,
DµΦ =
(
∂µ + i g A
a
µ
σa
2
+ i g′ JΦBµ
)
Φ . (6)
The Φ-field is a doublet in the fundamental representa-
tion of SUL(2), while Ξ-field is a scalar singlet of the
SUL(2) group, but the two scalars are charged under the
Abelian sectors. The Yukawa interactions are gauge in-
variant if we impose the relations :
UR(1)J :

−JℓL + JΦ + JℓR = 0
−JqL + JΦ + JdR = 0
−JqL − JΦ + JuR = 0
−JζL + JΞ + JζR = 0
−JζL + JΞ + JνR = 0
, (7)
U(1)K :

−KℓL +KΦ +KℓR = 0
−KqL +KΦ +KdR = 0
−KqL −KΦ +KuR = 0
−KζL +KΞ +KζR = 0
−KζL +KΞ +KνR = 0
. (8)
The minimal value of the Higgs potential at the
(|Ξ|, |Φ|)-plane is obtained by the non-trivial VEVs. The
Ξ-Higgs VEV is defined by 〈Ξ〉0 = u/
√
2, and for the Φ-
Higgs, the VEV-scale is chosen as 〈Φ〉0 =
(
0
v√
2
)
, where
u- and v-scales are given by
u ≃
√
−µ
2
Ξ
λΞ
(
1− λ
4λΦ
µ2Φ
µ2Ξ
)
,
v ≃
√
−µ
2
Φ
λΦ
(
1− λ
4λΞ
µ2Ξ
µ2Φ
)
, (9)
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when µ2Ξ < 0 and µ
2
Φ < 0. Here we have assumed that the
coupling between the scalar fields is weaker in relation to
others one, i. e., λ ≪ (λΞ, λΦ). Thus the VEV-scales
have a correction due to mixed λ-coupling of the Ξ- and
Φ-fields. Clearly, when λ→ 0, we obtain u =
√
−µ2ΞλΞ and
v =
√
−µ2ΦλΦ .
We adopt the parametrization of the Ξ- and Φ-complex
fields in the unitary gauge as below
Ξ(x) =
u+ F˜ (x)√
2
, Φ(x) =
v + H˜(x)√
2
(
0
1
)
, (10)
where F˜ and H˜ are real functions.
The VEVs-{ u , v } define two independent scales for
the breaking of the gauge symmetry. In this scenario, we
perform the SSB following the sequence
SUL(2)×UR(1)J×U(1)K 〈Ξ〉7−→SUL(2)×UY (1) 〈Φ〉7−→ Uem(1) ,
(11)
such that the condition u≫ v must be satisfied. There-
fore, we can associate the u-VEV with the TeV-scale,
and the v-VEV is the usual scale of the SM, i. e.,
v = 246GeV. Thus, after the SSB, we get the gauge
sector Lagrangian
Lgauge = −1
2
W+µν W
µν − +m 2W W
+
µ W
µ−
−1
4
(
∂µA
3
ν − ∂νA 3µ
)2 − 1
4
B 2µν −
1
4
C 2µν
+
1
2
v2
4
(
g′Bµ − g A3µ
)2
+
u2
2
(
g′Bµ − g′′ Cµ
)2
, (12)
where, for convenience, we have chosen that JΞ +KΞ =
0 to keep the Ξ-Higgs uncharged. This sector intro-
duces the SO(2)- transformations in (12) to eliminate
the mixed terms
Bµ = cosα Z˜
′
µ + sinαYµ
Cµ = − sinα Z˜ ′µ + cosαYµ ,
A3µ = cos θW Z˜µ + sin θW Aµ
Yµ = − sin θW Z˜µ + cos θW Aµ , (13)
where α is a mixing angle between U(1)′s gauge fields, it
is parameterized by the relation
gY = g
′ sinα = g ′′ cosα . (14)
In this stage, gY is the coupling constant of UY (1), af-
ter the first SSB. The hypercharge generator satisfies the
relation Y = J + K, in which Y is constituted by the
primitive charge generators J and K of the model. The
other θW -mixing angle is the Weinberg’s angle, that sat-
isfies the relation
e = g sin θW = gY cos θW . (15)
Naturally, the electric charge satisfies the relation Qem =
I3 + Y , where I3 =
σ3
2 . For example, the Ξ-Higgs is
Fields & particles Qem I
3 Y J K
lepton-left −1 −1/2 −1/2 0 −1/2
neutrino-left 0 +1/2 −1/2 0 −1/2
lepton-right −1 0 −1 −1/2 −1/2
neutrino-right 0 0 0 +1/2 −1/2
ζ-left 0 0 0 −1/2 +1/2
ζ-right 0 0 0 +1/2 −1/2
u-quark-left +2/3 +1/2 +1/6 0 +1/6
d-quark-left −1/3 −1/2 +1/6 0 +1/6
u-quark-right +2/3 0 +2/3 +1/2 +1/6
d-quark-right −1/3 0 −1/3 −1/2 +1/6
W±-bosons ± 1 ± 1 0 0 0
neutral bosons 0 0 0 0 0
Ξ-Higgs 0 0 0 −1 +1
Φ-Higgs 0 −1/2 +1/2 +1/2 0
TABLE I: The particle content for the Z′-model candidate at
the TeV-scale physics. The J- and K-charges are such that
anomalies cancel out.
a singlet of SUL(2), thus I
3 = 0 and it hypercharge is
YΞ = JΞ+KΞ = 0, so the electric charge isQ
(Ξ)
em = 0. The
model is quiral anomaly free in accord with the charges
displayed in the table I.
As in the usual case, the mass of W± is mW = g v/2,
and mass of Z˜ ′ is identified in terms of VEV scale-u as
mZ˜′ = g
′ u/ cosα. The Z˜- and Z˜ ′- gauge sector is so
mixed by the mass matrix in (12)
M2
Z˜−Z˜′ =
 m 2Z˜ −
mZ˜ mZ˜′
4x
−mZ˜ mZ˜′4x m 2Z˜′
 . (16)
Here, the dimensionless parameter x has been defined as
x := u/v cos2 α, and mZ˜ is the mass of Z˜ at the tree-
level approximationmW = mZ˜ cos θW . The VEV-scale v
is defined by the Fermi’s constant by v =
(√
2GF
)−1/2 ≃
246 GeV, and considering that Weinberg’s angle has the
experimental value sin2 θW ≃ 0.23, the parametrization
(15) gives us the masses of W±, Z˜ and Z˜ ′ in terms of the
fundamental constants. Thus, the W -mass is given like
in the electroweak model
mW =
37 GeV
| sin θW | ≃ 77 GeV . (17)
In the mixed neutral sector, Z˜- and Z˜ ′-fields are not phys-
ical fields of Z0 and Z ′ yet. In fact, the real physical fields
come from the orthogonal transformation that mixes Z˜-
and Z˜ ′-fields
(
Z˜ ′µ
Z˜µ
)
=
 cos θZZ′ sin θZZ′
− sin θZZ′ cos θZZ′
( Z ′µ
Zµ
)
, (18)
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where θZZ′ is the mixing angle defined by
tan 2θZZ′ = − 1
2x
mZ˜mZ˜′
m2
Z˜′
−m2
Z˜
. (19)
Thereby, the m
(±)
Z˜−Z˜′ -eigenvalues of the mass matrix (16)
are given by
m
(±) 2
Z˜−Z˜′ =
m2
Z˜
+m2
Z˜′
±
√
(m2
Z˜
−m2
Z˜′
)2 +
m2
Z˜
m2
Z˜′
4x2
2
. (20)
Explicitly, the masses of Z- and Z ′-bosons with the cor-
rection on the VEV-scales ratio v/u, and for the condi-
tion mZ˜′ ≫ mZ˜ , we get the results
MZ0 = m
(−)
Z−Z′ ≃
e v
sin 2θW
(
1− 1
32x2
)
,
MZ′ = m
(+)
Z−Z′ ≃ mZ˜′ ≃
2 e u
sin 2α cos θW
. (21)
Them
(+)
Z−Z′ -eigenvalue is the Z
0-mass with the correction
of v/u. Using the previous values for the parameters e,
v and θW , the theoretical Z-mass is around the
MZ0 ≃ 89
(
1− v
2
32 u2
cos4 α
)
GeV . (22)
We know the experimental value of Z0-mass is
M
(exp)
Z0 = 91.1876 ± 0.0021 GeV, in which the theoret-
ical values in (17) and (22) were obtained at the tree
level approximation. The actual experimental values in-
clude radiative corrections, which we are not computing
explicitly here. The radiative corrections give the θW -
value around the sin2 θW ≃ 0.21, and the fine structure
constant as function of W -mass is α−1(mW ) = 127.49.
Thereby, the theoretical W - and Z-masses are in accord
with the experimental data by the results
mW ≃ 38 GeV| sin θW | ≃ 83± 2.4GeV .
mZ =
mW
cos θW
≃ 93.8± 2.0GeV . (23)
The parameters u-scale and α-angle are undeterminate
in the previous Z- and Z ′-masses. Thereby, the ratio
between the masses from (21) is given by
MZ′
MZ0
≃ u
sin(2α)
4 sin θW
v
≃ u
sin(2α)
0.007GeV−1. (24)
The recent papers of the CMS Collaboration points to the
hypothetical Z ′ have upper limits that excludes at 95%
confidence level masses below the 2.0TeV [4]. There-
fore, we fix the Z- and Z ′-masses as MZ′ = 2.0TeV and
MZ0 = 91GeV to estimate the ratio of the u-scale by
the α-angle, i. e., u ≃ 2.8 × sin(2α)TeV. Thereby, the
maximum value for the VEV-scale is u = 2.8TeV, when
α = 45o.
Under these conditions, the θZZ′ -mixing angle in (28)
is estimated by
tan 2θZZ′ ≃ − mZ˜
2mZ˜′
v
u
cos2 α ≃ − 10−3 , (25)
i. e., θZZ′ ≃ −0.028.
The sector of the Higgs fields F˜ − H˜ after the SSBs is
the following mass matrix comes out :
M 2
F˜−H˜ =
 m 2F˜ −
λ˜
2 mH˜mF˜
− λ˜2 mH˜mF˜ m 2H˜
 . (26)
Here, mF˜ =
√
2λΞ u2 and mH˜ =
√
2λΦ v2 are the masses
of F˜ - and H˜-fields, when λ → 0, and λ˜ := λ/√λΦλΞ
for short. The F˜ - and H˜-scalars are not the physical
fields due to the non-diagonal mass matrix (26). In fact,
the scalars physical fields are defined by the orthogonal
transformations(
F˜
H˜
)
=
 cosϑ sinϑ
− sinϑ cosϑ
( F
H
)
, (27)
where ϑ is the mixing angle defined by
tan 2ϑ = − λ˜mH˜ mF˜
m 2
F˜
−m 2
H˜
≃ −λ˜ mH˜
mF˜
. (28)
Thereby, the mass matrix (26) yields the eigenvalues
m
(±) 2
F˜−H˜ =
m2
H˜
+m2
F˜
±
√
(m2
F˜
−m2
H˜
)2 + λ˜2m2
H˜
m2
F˜
2
.
(29)
Whenever mF˜ ≫ mH˜ , the m(±)F˜−H˜ -eigenvalues of (26) are
MH = m
(−)
F˜−H˜ ≃
√
2λΦ v2
(
1− λ
2
8λΞλΦ
)
,
MF = m
(+)
F˜−H˜ ≃
√
2λΞ u2
(
1 +
λ2
8λ2Ξ
v2
u2
)
. (30)
The m
(−)
F˜−H˜ - eigenvalue is the Higgs mass of the SM with
the correction that we consider λ
2
8λΞ λΦ
≪ 1, then the λ-
coupling constant must have a weaker magnitude with
respect to the others one. The experimental result for
the Φ-Higgs mass MH = 125.7± 0.4GeV fixes the upper
bound λ/λΞ λΦ . 10
−4. Under these conditions, the
Higgs potential from (5) is depicted in the figure below
(1).
If we adopt that 0.1 < λΞ < 0.9, the mass of F -Higgs
is in the range
1.24TeV < MF < 3.7TeV . (31)
The sector of the leptons, neutrinos and ζ-fermion ac-
quires mass terms thanks to the Yukawa interactions. Af-
ter the SSB, the fermion sector can be cast into the form
Lℓ−νℓ−ζ = ℓ¯ (i /∂ −mℓ 1l) ℓ+ ξ¯ (i /∂ −Mνℓ−ζ) ξ , (32)
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FIG. 1: The Higgs potential as function of the variables |Ξ|
and |Φ|. We use the estimated values : µ2Ξ ≃ −0.8TeV
2,
and when µ2Φ ≃ −0.8TeV
2, λΦ ≃ 0.5 and λ ≃ 10
−5. The
degenerated vacuum of the Higgs fields are illustrated by the
four down peaks.
in which the lepton’s mass is identified as mℓ= |yℓ| v/
√
2.
The ξ-spinor is formed by ξ t = ( νℓ ζ )
t andMνℓ−ζ is the
mass matrix
Mνℓ−ζ =

mνℓ 1l
|zνℓ |vR+|tνℓ |uL√
2
|zνℓ |vL+|tνℓ |uR√
2
mζ 1l
 , (33)
where mνℓ = |xνℓ | v/
√
2 and mζ = |w|u/
√
2 are the
masses of the ζ-fermion and neutrinos, when we make
|zνℓ | = |tνℓ | → 0. Here, we write the constant couplings
in terms of global phases that can absorbed through field
reshuffling, and R and L are the right- and left- projec-
tors, that satisfy the relations RL = LR = 0, L2 = L,
R2 = R and L+R = 1l. The neutrino/ζ-fermion matrix
can be diagonalized by a unitary transformation so that
the masses are given by the m
(±)
νℓ−ζ-eigenvalues of (33) :
m
(±)
νℓ−ζ =
mνℓ +mζ±
√
(mνℓ −mζ)2 + 4mνℓmζ |gf |
2
, (34)
where and |gf | is defined by the Yukawa coupling con-
stants
|gf | = 1|w|
∑
ℓ= e , µ , τ
|tνℓ ||zνℓ |
|xνℓ |
. (35)
Here we are in the scenario in that u ≫ v, so the ζ-
fermion should be a heavier particle than any neutrino of
the SM, i. e., mζ ≫ mνℓ , and we consider also |gf | ≪ 1.
Under these conditions, the eigenvalues of (34) are given
by
Mνℓ = m
(−)
ℓ−ζ ≃
|xνℓ | v√
2
( 1 + |gf | )
Mζ = m
(+)
νℓ−ζ ≃
|w|u√
2
(
1 + |gf | mνℓ
mζ
)
≃ |w|u√
2
. (36)
The m
(−)
νℓ−ζ-eigenvalue gives us the neutrinos masses with
the correction of the |gf |-coupling constant. The neutri-
nos masses to the squared are constraints by the sub-
traction between itself. For example, for the case of
the electron- and muon-neutrinos, this subtraction is
|∆M2νe−νµ | := |M2νe −M2νµ | ≃ ( 7.53 ± 0.18 )× 10−5 eV2
[22]. Thus, the coupling constants are extremely weak
|∆x2νe−νµ | := ||xνe |2 − |xνµ |2| ≃ 2.5× 10−27.
We point out that the ζ-fermion introduced in our par-
ticle content yields, upon symmetry breaking and the
fermion mass matrix diagonalization, a neutral massive
fermion with mass of the order of 550GeV and no electro-
magnetic interaction. It could therefore be considered an
exotic fermion which is part of Dark Matter. The motiva-
tion to introduce the new ζ-fermion is the possible detec-
tion constraints of the Dark Matter with vectors, scalars
and axial-vectors mediators [4]. For an axial-vector me-
diator like the Z ′, the Dark Matter constraint fixes a
mass around less than 550GeV. Then, if we take a ζ-
mass of the order Mζ = 550GeV, we obtain |w| ≃ 0.27.
Therefore, the ν − ζ-mixed Yukawa coupling constants
are estimated as
|∆t2νe−νµ | ≃ |∆z2νe−νµ | . 3.2× 10−17 . (37)
The interactions of any fermion Ψ with the neutral
gauge bosons of the model are setting by
L int = − eQem Ψ¯ /AΨ− eQZ Ψ¯ /Z Ψ− eQZ′ Ψ¯ /Z ′Ψ .
(38)
For convenience, we also define the QZ- and QZ′ -effective
charges associated with the interaction between fermions
with Z- and Z ′-bosons
QZ = QZ˜ cos θZZ′ +QZ˜′ sin θZZ′
QZ′ = −QZ˜ sin θZZ′ +QZ˜′ cos θZZ′ , (39)
where QZ˜ and QZ˜′ are given by
QZ˜ :=
1
sin θW cos θW
(
I3 −Qem sin2 θW
)
,
QZ˜′ :=
1
sin 2α cos θW
(
− J + Y sin2 α
)
. (40)
Using the charges from the table I , we list below the
interactions of Z ′-boson with leptons, neutrinos and ζ-
fermion :
L intℓ¯ℓ−Z′ =−
e
4
1− 3 sin2 α
sin 2α cos θW
ℓ¯ /Z ′ℓ− e
8
cotα
cos θW
ℓ¯ /Z ′γ5ℓ , (41)
L intν¯ℓνℓ−Z′ =
e
8
1 + sin2 α
sinα cos θW
ν¯ℓ /Z
′νℓ +
e
8
cotα
cos θW
ν¯ℓ /Z
′γ5νℓ ,
(42)
L intζ¯ζ−Z′ =
e
2 sin 2α cos θW
ζ¯ /Z ′ γ5 ζ . (43)
The recent Z ′-phenomenology points to the cascade
effects at the tree level using the CMS data for the pp-
collision at
√
s = 13TeV. The processes of the Z ′-decay
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can be useful to search the Dark Matter through the
mono-V jets channels associated with the electroweak
bosons W or Z. The observation of these final states
could be interpreted as a Dark Matter particle content.
The diagram for this effect is illustrated below :
Z′
W/Z
q
q¯
q
ζ¯
ζ
q
q¯
FIG. 2: The Z′-decay into the pair ζ¯ − ζ. The cascade
effect as a possible Dark Matter detection via W -
or Z-monojets.
Therefore, the previous rules and the QFT technical, the
decay width of Z ′ → ζ¯ ζ is given by
Γ(Z ′ → ζ¯ ζ) = e
2mZ′
24π sin2(2α) cos2 θW
×
×
√
1− 4m
2
ζ
m 2Z′
(
1− 3m
2
ζ
4m 2Z′
)
, (44)
where mZ′ > 2mζ . Using the previous values mZ′ =
2TeV and mζ = 550GeV, the Z
′-width decay rate is
Γ(Z ′ → ζ¯ ζ) ≃ 0.018
sin2(2α)
TeV . (45)
This decay width is plotted below :
FIG. 3: The decay width of the process Z′ → ζ¯ ζ plotted as
function of the α-mixing angle.
For the case of α = 45o, the decay width is Γ(Z ′ →
ζ¯ ζ) ≃ 0.018TeV, and the Z ′-decay time in this process
is estimated by 1
τ(Z ′ → ζ¯ ζ) = 1
Γ(Z ′ → ζ¯ ζ) ≃ 3.7× 10
−26 s . (46)
III. THE MeV-SCALE PHYSICS AND THE
X-BOSON
In contrast to the previous case, we analyze the SSBs
whenever u≪ v. This sets a SSB at a lower scale u with
respect to v = 246GeV of the EW model. Therefore, we
introduce here the scenario in that the V EV u-scale de-
scribes the MeV-scale for X-boson of mX = 17MeV,
or the lightest para-photon at the Sub-eV scale. To
accomplish this purpose, we re-start from the original
symmetry SUL(2)×UR(1)J × U(1)K , such that the sec-
tor of fermions is given by the Lagrangian (1), but by
convenience, the covariant derivatives must exhibit the
coupling g′′ multiplied by a ε-parameter of weak mag-
nitude to provide the interaction of Cµ of U(1)K with
the fermions of the Standard Model. It may connect
the Standard Model physics with a dark matter sector,
see [12]. Thus, we modify these couplings by introduc-
ing the real parameters εΨ and εζ in connection with
the gauge coupling constant associated with the extra
Abelian group, U(1)K :
DµΨL=
(
∂µ+i g A
a
µ
σa
2
+i JL g
′Bµ+iKL εΨ g′′Cµ
)
ΨL ,
DµΨR =
(
∂µ + i JR g
′Bµ + iKR εΨ g′′Cµ
)
ΨR ,
DµνR =
(
∂µ + i JνR g
′Bµ + iKνR εν g
′′Cµ
)
νR ,
Dµζ =
(
∂µ + i Jζ g
′Bµ + iKζ εζ g′′ Cµ
)
ζ , (47)
In the gauge sector, the extra-sector U(1)K of C
µ couples
kinetically with Bµ of UR(1)J by means of mixing χ-
parameter given by
Lgauge = −1
2
tr
(
F 2µν
)− 1
4
B 2µν −
1
4
C 2µν +
χ
2
Bµν C
µν .
(48)
Its currently estimated value is 10−6 < χ < 10−3 for
models that discuss hidden photons as dark matter can-
didates [19]. In (4), the mixing term χBµνC
µν was not
considered because in that scenario, characterized high-
energy effects, we do not expect a tree-level mixing, as
in the present scenario, where we intend to describe the
photon-X-boson, or photon-para-photon mixing.
The Higgs sector of EW model looks like it was pro-
posed in (5), but the extra-Higgs Ξ is coupled to the
1 We have used the conversion formula 1TeV = 1.52× 1027 s−1 in
the natural units ~ = c = 1.
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U(1)K gauge boson through the εΞ g
′′ coupling :
DµΞ =
(
∂µ + i JΞ g
′Bµ + iKΞ εΞ g′′ Cµ
)
Ξ . (49)
After this SSB, we obtain the final symmetry breaking
pattern :
SUL(2)×UR(1)J×U(1)K v7−→ U(1)G×U(1)K u7−→ U(1)em ,
(50)
where the group U(1)G is formed as a mixing of sub-
groups of SUL(2) × UR(1)J . Notice the difference with
respect to the previous case, where UR(1)J ×U(1)K was
firstly broken. The free gauge sector, after this SSB, is
represented by the Lagrangian
Lgauge = −1
2
W+µνW
µν− +m 2W W
+
µ W
µ−
−1
4
(
∂µA
3
ν − ∂νA 3µ
)2 − 1
4
B 2µν −
1
4
C 2µν
+
χ
2
Bµν C
µν +
v2
2
(
JΦ g
′Bµ − 1
2
g A 3µ
)2
. (51)
Now, to render diagonal the v-mixed term in (51), we
introduce the transformations
A 3µ = cos θW
˜˜Zµ + sin θW Gµ
Bµ = − sin θW ˜˜Zµ + cos θW Gµ , (52)
where θW satisfies the relation gG = g sin θW =
g′ cos θW , and gG is the coupling constant of U(1)G-
group. The neutral gauge sector of the model after this
diagonalization reads below :
Lgauge = −1
4
˜˜Z 2µν −
1
4
G 2µν −
1
4
C 2µν −
χ
2
sin θW
˜˜Zµν C
µν
+
χ
2
cos θW Gµν C
µν +
1
2
m 2˜˜Z
˜˜Z 2µ . (53)
Using this diagonalization, the interactions of fermions
with the neutral gauge bosons are given by
Lint = −Ψ¯
[(
g cos θW I
3− g′ sin θW J
)
/˜˜Z
+ gG G /G+ g
′′ εΨK /C
]
Ψ . (54)
The parametrization that defines gG suggests the defini-
tion for the generator of U(1)G as the sum G = I
3+J . In
this stage, we have two massless gauge fields Gµ and Cµ,
that is, we reach a gauge sector with gauge symmetry
U(1)G × U(1)K .
To obtain a mass for the X-boson, we introduce the
second Ξ-Higgs sector, with the covariant derivative (49).
After this SSB with u-VEV scale, we get the gauge sector
Lgauge = −1
4
˜˜Z 2µν −
1
4
G 2µν −
1
4
C 2µν −
χ
2
sin θW
˜˜Zµν C
µν
+
χ
2
cos θW Gµν C
µν +
1
2
m 2˜˜Z
˜˜Z 2µ
+
u2
2
(
−GΞ g′ sin θW ˜˜Zµ+GΞ gD Gµ+KΞ εΞ g′′Cµ
)2
, (55)
where we have used that I3 = 0, and JΞ = GΞ for the sin-
glet Ξ-Higgs. The G−C mixing suggests us to introduce
the following fields shift
Gµ = Aµ +
χ cos θW
˜˜Xµ√
1− χ2 cos2 θW
Cµ =
˜˜Xµ√
1− χ2 cos2 θW
, (56)
it cancel out the G− C mixing term in the gauge sector
to read the Lagrangian
Lgauge = −1
4
F 2µν −
1
4
˜˜Z 2µν −
1
4
˜˜X 2µν
−χW
2
˜˜Zµν
˜˜Xµν +
1
2
m 2Z
˜˜Z 2µ +
1
2
m 2X
˜˜X 2µ , (57)
where the χW -parameter is defined by
χW :=
χ sin θW√
1− χ2 cos2 θW
, (58)
and the mass mX of
˜˜Xµ is mX = |KΞ| |εΞ| e u. Here, it
is also important to remember that we define the field
strength tensors ˜˜Zµν = ∂µ ˜˜Zν − ∂ν ˜˜Zµ, ˜˜Xµν = ∂µ ˜˜Xν −
∂ν ˜˜Xµ and Fµν = ∂µAν−∂νAµ. The sector of interaction
in (54) is written in terms of the gauge fields Aµ and ˜˜Xµ
as follows :
Lint = −eQem Ψ¯ /AΨ− eQ ˜˜Z Ψ¯ /˜˜Z Ψ− eQX Ψ¯ /˜˜XΨ . (59)
The electric charge is so defined as : Qem = G = I
3 + J ,
and the fundamental charge obeys the parametrization
e = gG = g
′′. The Q ˜˜Z-charge generator of Z-boson like
in (40), and QX is given by
QX = +Qem χ cos θW +KΨ εΨ , (60)
where we have neglected terms of order χ3.
For convenience, the new Ξ-Higgs carries the charges
JΞ = 0 and KΞ = +3 to ensure a light ζ-fermion and
also to avoid stable charged matter; see [20, 21]. Here,
the hypercharge Y is not given by the sum of the charges
J and K. It is so defined by the proper J-generator, i.
e., J = Y , and the K-generator has independent values
of the Y -charges. The simplest charge values are dis-
played in the II, and the model in the X-boson scenario is
also anomaly-free. The ζ-fermion does not carry electric
charge, such that it just makes the K-charge an example
of hidden charge. Thus, this fact confirms the ζ-fermion
as a viable candidate to Dark Matter. Other important
point is that gauge symmetry forbids the mixed Yukawa
interactions in (5), so we must take off the coupling con-
stants, zνℓ = tνℓ → 0. Therefore, the gauge symmetry
and the anomaly cancellation condition control the as-
signments of Kζ-charges : KζL = −KζR = +3/2. At
this stage, the model for the X-boson description pro-
posed here reduces to the analogous case of the UB(1)-
symmetry in the gauge sector, also studied in [14]. The
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Fields Qem I
3 Y = J K
leptons-left −1 −1/2 −1/2 −1/2
leptons-right −1 0 −1 −1
neutrinos-left 0 +1/2 −1/2 −1/2
neutrinos-right 0 0 0 0
ζ-fermion left 0 0 0 +3/2
ζ-fermion right 0 0 0 −3/2
u-quark-left +2/3 +1/2 +1/6 +1/6
d-quark-left −1/3 −1/2 +1/6 +1/6
s-quark-left −1/3 −1/2 +1/6 +1/6
u-quark-right +2/3 0 +2/3 +2/3
d-quark-right −1/3 0 −1/3 −1/3
s-quark-right −1/3 0 −1/3 −1/3
W±-bosons ± 1 ± 1 0 0
neutral bosons 0 0 0 0
Ξ-Higgs 0 0 0 +3
Φ-Higgs 0 −1/2 +1/2 0
TABLE II: One solution anomaly-free for the particle content
that can explains the X-boson scenario at the MeV-scale.
charges are displayed in the table II. The massless gauge
particle remaining in the model is associated to the Aµ-
field, so that we identify it as the EM photon. It is not
difficult to check that the gauge sector of (57) is invariant
under the U(1)em associated with the gauge symmetry
of Aµ. The ˜˜Z- and ˜˜X-fields are not the physical fields
corresponding to the Z- and X-bosons yet. We carry out
a diagonalization procedure to go over into the basis of
physical fields.
The Lagrangian (57) can be re-written into the matrix
form as follows
L ˜˜Z− ˜˜X =
1
2
(
˜˜V µ
)t
✷θµνK
˜˜V ν +
1
2
(
˜˜V µ
)t
ηµνM
2 ˜˜V ν , (61)
where ( ˜˜V µ)t =
(
˜˜Zµ ˜˜Xµ
)
, K is the matrix
K :=
 1 +χW
+χW 1
 . (62)
The mass matrix M2 is given by
M2 =
 m 2Z 0
0 m 2X
 . (63)
To diagonalize the Lagrangian (61), we carry out an
orthogonal transformation ˜˜V 7−→ V˜ = R ˜˜V , where
RtR = 1l. Thus, if we define the diagonal matrix
as KD = RK R
t, the eigenvalues of KD are given by
λ± = 1± χW , so we obtain the diagonal matrix
KD =
 1 + χW 0
0 1− χW
 . (64)
In so doing, the Lagrangian in terms of V˜ µ takes over the
form
LZ˜−X˜ =
1
2
(
V˜ µ
) t
✷ θµν KD V˜
ν +
1
2
(
V˜ µ
) t
ηµν M˜
2 V˜ ν ,
(65)
where M˜2 = RM2Rt. It can be readily checked that the
solution for R is the following SO(2)-matrix
R =
1√
2
 1 1
−1 1
 , (66)
so, the matrix mass M˜2 is given by
M˜2 =
1
2
 m 2Z +m2X m 2X −m 2Z
m 2X −m 2Z m 2Z +m2X
 . (67)
Now, we write the matrix KD as KD =
(
K
1/2
D
)t (
K
1/2
D
)
to adsorb it into the kinetic term, redefining V˜ −→
K
1/2
D V˜ . The solution for the matrix K
1/2
D is
K
1/2
D =

√
1 + χW 0
0
√
1− χW
 . (68)
Thus, the Lagrangian (69) is
LZ˜−X˜ =
1
2
(
V˜ µ
) t
✷ θµν V˜
ν +
1
2
(
V˜ µ
) t
ηµν M
2
D V˜
ν ,
(69)
where the mass matrix is now M 2D =(
K
1/2
D
)−1
M˜2
(
K
1/2
D
)−1
, that is,
M2D =
1
2

m 2Z+m
2
X
1+χW
−m 2Z−m 2X√
1−χ2
W
−m 2Z−m 2X√
1−χ 2
W
m 2Z+m
2
X
1−χW
 . (70)
Since M 2D is also real and symmetric, it can be diagonal-
ized by an orthogonal matrix, S; we define V µ = S V˜ µ:(
Zµ
Xµ
)
=
 cos θZX sin θZX
− sin θZX cos θZX
( Z˜µ
X˜µ
)
. (71)
We end up with a fully diagonal Lagrangian as given
below :
LZ−X = 1
2
(V µ)t✷θµνV
ν +
1
2
(V µ)t ηµνM
2
diagV
ν , (72)
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with M 2diag = SM
2
D S
t is given by the eigenvaluesM 2± of
the mass matrix (70), that is,
m
(±) 2
Z−X =
m 2Z +m
2
X ±
√
(m2Z −m2X)2 + 4m2Zm2Xχ2W
2 (1− χ 2W )
.
(73)
The θZX mixing angle satisfies the relation
tan 2θZX =
(
m2Z −m2X
m2Z +m
2
X
) √
1− χ2W
χW
. (74)
Since we fix the mass of Z at the GeV-scale, and mX
is at MeV-scale or Sub-eV for para-photons, we can as-
sume the approximationmX/mZ ≪ 1, so the eigenvalues
matrix are reduced to expressions
MZ = m
(+)
Z−X ≃
mZ√
1− χ 2W
(
1 +
1
2
m 2X
m 2Z
χ 2W
)
,
MX = m
(−)
Z−X ≃
mX√
1− χ 2W
(
1− χ
2
W
2
)
, (75)
and the θZX -angle is tan 2θZX ≃ csc θW
√
1− χ2/χ.
Here, the Z-mass acquires a correction coming from the
mixing parameter χW , and from the ratiomX/mZ , while
the eigenvalue associated with the mass of the X-boson
is the same as in the previous expression. The S-matrix
corresponds to an SO(2)-transformation that depends on
the χW -parameter
S =
1√
2

√
1 + χW
√
1− χW
−√1− χW
√
1 + χW
 . (76)
Therefore, the transformation from the basis
{
˜˜Zµ , ˜˜Xµ
}
to the basis of the physical Z- and X-bosons {Zµ , Xµ }
is represented by the inverse ˜˜V = Rt (K
1/2
D )
−1 St V ,
which implies in the shift
˜˜Xµ = Xµ +
χW Z
µ√
1− χ 2W
˜˜Zµ =
Zµ√
1− χ 2W
. (77)
Thus, the full diagonal Lagrangian for the gauge sector
is
Lgauge = −1
2
W+µνW
µν− +m 2W W
+
µ W
µ−
−1
4
F 2µν −
1
4
Z 2µν +
1
2
M 2Z Z
2
µ
−1
4
X 2µν +
1
2
M 2X X
2
µ . (78)
To estimate the kinetic mixing χ-parameter and the
ε-parameters, we analyze the interactions between the
X-boson and any chiral fermion of the model; this yields
:
L int = − eQem Ψ¯ /AΨ− eQZ Ψ¯ /Z Ψ− eQX Ψ¯ /X Ψ . (79)
Here, the millicharged generator QX is like in (60), while
the QZ-charge has a χ-correction as follows
QZ := Q ˜˜Z + χ sin θW QX , (80)
where we are neglecting terms of order-χ3. The Ψ-field
is any fermion (quark or lepton) of the SM; it can also be
the exotic ζ-fermion. Since Ψ includes both the Left- and
Right-components, we write the X-interaction in terms
of vector and axial currents as given below :
LintX = − e
∑
Ψ
Ψ¯
(
cΨV + c
Ψ
A γ5
)
/X Ψ , (81)
where we define cΨV and c
Ψ
A as
cΨV = +Qem χ cos θW +
1
2
(KΨL εΨL +KΨR εΨR)
cΨA =
1
2
(KΨL εΨL −KΨR εΨR) . (82)
The summation over Ψ in (81) runs over all fermions of
the model. As a consequence, we observe that the axial
coefficients depend only on the εΨ-parameters. Using the
charges cast in table (II), we express the cΨV and c
Ψ
A as
follows
cℓV = −χ cos θW −
1
2
(
1
2
εℓL + εℓR
)
,
cℓA = +
1
2
(
−1
2
εℓL + εℓR
)
,
cνV = c
ν
A = −
1
4
ενL ,
cuV = +
2
3
χ cos θW +
1
2
(
1
6
εuL +
2
3
εuR
)
,
cuA = +
1
2
(
1
6
εuL −
2
3
εuR
)
cdV = −
1
3
χ cos θW +
1
2
(
1
6
εdL −
1
3
εdR
)
,
cdA = +
1
2
(
1
6
εdL +
1
3
εdR
)
csV = −
1
3
χ cos θW +
1
2
(
1
6
εsL −
1
3
εsR
)
csA = +
1
2
(
1
6
εsL +
1
3
εsR
)
cζV = +
3
2
(εζL − εζR) , cζA = +
3
2
(εζL + εζR) . (83)
We then use quantum field-theoretic rules to work out the
expression for the X-decay width into any Ψ-fermion:
Γ(X → Ψ¯Ψ) = e
2mX
24π
( |cΨV |2 + |cΨA|2 )×
×
√
1− 4m
2
Ψ
m 2X
(
1− 3
4
m 2Ψ
m 2X
)
, (84)
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by virtue of the condition mX > 2mΨ.
We notice that the vector and axial coefficients de-
pend on the 11 ε-parameters due to the coupling of
the fermions with the dark sector U(1)K-factor. Since
we have vector and axial currents in (81), it is impor-
tant to remember that in general, the protophobic prop-
erty involving nucleons interaction must not emerge here.
Therefore, we can study conditions on ε-parameters in
the sectors of leptons and quarks. In the leptonic sector,
the current is purely vector-like whenever εℓL = 2 εℓR ,
thus the cℓV coefficient is c
ℓ
V = −χ cos θW − εℓR . On
the other hand, the condition for purely axial current is
−4χ cos θW = εℓL+2 εℓR . We consider the simplest case
in which the X-boson has both axial- and vector-type
couplings with leptons. For this, we fix the ε-parameters
as εℓL = −2 εℓR ; consequently, we obtain the coefficients
cℓV = −χ cos θW and cℓA = −εℓL/2. Under these con-
ditions, the decay width for the process X → e+ e− is
worked out and it can read as follows below :
Γ(X → e+ e−) = 0.02
(
χ2 cos2 θW +
ε2eL
4
)
MeV ,(85)
in which the KLOE-2 collaboration [23] sets a limit of
χeeff =
√
χ2 cos2 θW +
ε2eL
4
. 2× 10−3 . (86)
The Møller scattering yields parity violation from the
mixed axial-vector couplings of the X-boson to leptons.
There emerges the constraint [24]
|χ εeL | . 2.27× 10−8 . (87)
Neutrinos interact with the X-boson through the ενL -
parameter. Both axial and vector couplings disappear
whenever ενL → 0. The X-boson decay into the νe-
neutrino is therefore expressed by the width
Γ(X → ν¯e νe) = ε2νe
e2mX
192π
= 2.5× 10−3 ε2νe MeV , (88)
in which mX ≫ mν . The most neutrino constraint is in
the neutrino-electron scattering ν¯e e → ν¯e e. Thereby,
the constraint fixes the bound [25]√
| εe ενe | < 3× 10−4 . (89)
The X-interaction with the exotic ζ-fermion carries the
εζ-parameters: the corresponding decay width is
Γ(X → ζ¯ ζ) = 3 e
2
16π
mX
(
ε2ζL + ε
2
ζR
)
= 0.09
(
ε2ζL + ε
2
ζR
)
MeV . (90)
In the sector of quarks, the X-boson has only axial
couplings to avoid flavour mixing in the first generation.
So, under these conditions, the ε-parameters of the u- ,
d- and s-quarks are related as follows
εuL + 2 εdL = 4 (εdR − εuR)
εuL + 2 εsL = 4 (εsR − εuR)
εdL − εsL = 2 (εdR − εsR) . (91)
The χp- and χn-parameters for the proton and neutron
are obtained using the nuclear matrix elements associated
with the correspondent operator from the axial current in
(81). Thus, the operator is putted between the nucleon
state |N〉 (N = n , p ), such that
〈N |
∑
Q
cQA Q¯ γ5 γ
µQ |N〉 = δ µi σi
∑
Q
cQA∆Q
(N) , (92)
where Q runs over quarks flavours as Q = {u , d , s }.
This result is like that one obtained in [26]. The ∆Q(N)
coefficients are numerically given by
∆u(p) = ∆d(n) = 0.897(27)
∆d(p) = ∆u(n) = −0.367(27)
∆s(p) = ∆s(n) = −0.026(4) . (93)
Therefore, the axial current operator is written in the
isospin notation
LintX−N =
1
2
N¯
(
~σ · ~X
) (
χ0 1l + χ1 σ
3
)
N , (94)
where N = ( p n )
t
, σ3 is the Pauli matrix, and the pa-
rameters χ0 and χ1 are defined by
χ0 =
(
∆u(p) +∆d (p)
) (
cuA + c
d
A
)
+ 2∆s(p) csA
χ1 =
(
∆u(p) −∆d (p)
) (
cuA − cdA
)
. (95)
Thereby, the χ-coefficients for proton and neutron are
χp = (χ0 + χ1)/2 and χn = (χ0 − χ1)/2, respectively, so
the results in terms of cQA are given by
χp = ∆u
(p)cuA +∆d
(p)cdA +∆s
(p) csA =
∑
Q
cQA∆Q
(p)
χn = ∆u
(p)cdA +∆d
(p)cuA +∆s
(p) csA . (96)
The ε-parameters are so estimated by using the allowed
region for the quarks couplings required to explain the
8Be-anomaly with a light axial vector, for more details,
see [26]. Assuming the conditions cuA < 0, c
d
A > 0 and
c dA = c
s
A, the allowed region fixes the ε-parameters fol-
lowing the constraints below :
10−4 . |εdL + 2 εdR | . 10−3
10−4 < |εuL − 4 εuR | . 10−3 . (97)
We can also fix up the u-scale by taking the mass of
mX = 17MeV as the relation u ≃ 19 |εΞ|−1MeV, since
the ε-parameters are estimated in the range 10−4−10−3,
the new VEV u-scale is bounded by u = (1.9− 19)GeV.
The eigenvalues of (29), when mH˜ ≫ mF˜ , yield the
masses in the Higgs sector
MH = m
(−)
F−H ≃
√
2λΦ v2
(
1 +
λ2
8λ2Φ
u2
v2
)
,
MF = m
(+)
F−H ≃
√
2λΞ u2
(
1− λ
2
8λΦ λΞ
)
, (98)
TeV- and MeV-physics out of an SUL(2)× UR(1)J × U(1)K model 11
so that the mass of the F -Higgs is estimated in the
range 1.9GeV . MF . 19GeV. In this (X-boson)
scenario, since we have to impose the Yukawa couplings
tνℓ = zνℓ → 0 to ensure gauge invariance, the eigenvalues
in (34), for |gf | → 0, are mζ = |w|u√2 and mνℓ =
|xνℓ | v√
2
.
Taking the |w|-coupling constant as in the Z ′-scenario,
i. e., |w| ≃ 0.27, and considering the estimation we have
for the u-scale, we get the ζ-fermion mass in the range
mζ = 0.36−3.6GeV, which respects the Tremaine-Gunn
lower bound [27], if we wish to interpret the ζ-fermion
as a particle present in the dark matter sector. So, as
we were already expecting, the ζ-fermion in the X-boson
scenario is lighter its counterpart in the Z ′-scenario.
To conclude this Letter, we would like to summarize
that, by adopting an anomaly-free SUL(2) × UR(1)J ×
U(1)K- type model, with two Higgs fields, we may set
up two different scenarios : in a case, we get the sit-
uation of a TeV-scale physics that describes a hypo-
thetic Z ′-particle with a mass around the 2TeV. On
the other hand, changing the symmetry breaking pat-
tern, our model may be describing a physical landscape
in the MeV-scale of the recently proposed X-boson asso-
ciated with the 8Be⋆-decay. In this context, the exotic
ζ-fermion must be a particle candidate to the Dark Mat-
ter content at the Sub-eV scale. The phenomenology
involving the interactions of the X-boson with neutri-
nos and the ζ-fermion is a problem to be discussed in a
forthcoming paper.
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